Recurrence quantification analysis and multifractal method were used for investigation of the encephalograms time series of the children with epileptic seizures. It has been shown that epileptic seizures are accompanied by an increase in determinism of the brain electric process due to neuron activity synchronization. This behavior is typical for nonlinear systems catastrophes of different nature
Introduction
Nonlinear mechanic methods are widely used in different fields of science, such as applied mathematics [1] [2] [3] , physics and mechanics of fracture [4] [5] [6] , earth sciences [7] [8] [9] [10] , biomedicine [11, 12] , economics [13, 14] etc. In this work we use recurrence quantification analysis (RQA) [15] and multifractal formalism in order to find out if there exit some peculiar features in encephalograms (EEG) related with epileptic seizures which are common to other types of catastrophic behavior in nonlinear systems.
Experimental data
Experimental data was obtained at the Children's Hospital in Boston. It consists of EEG recordings from pediatric subjects with intractable seizures and published in Physionet database [12, 16] . The children were monitored for up to several days following withdrawal of anti-seizure medication in order to characterize their seizures and assess their candidacy for surgical intervention. All EEG signals were sampled at 256 Hz with 16-bit resolution. The International 10-20 system of EEG electrode positions was used for these recordings. In addition four other electrodes ( 7 8 7 8 , , , T T P P ) standardized by the American Electroencephalographic Society were also used. Most files included 23 EEG signals. We studied only those files that contained one or more epileptic seizures. The beginning and end of each seizure was annotated in the database. We emphasize that the aim of the work was not forecasting or early detection of seizures. But instead we tried to reveal the regularities which appear to be general to other nonlinear systems during catastrophes.
Principal components transform
We started with transforming original EEG recordings to principal components. Figure 1 represents an example of the percent variability described by principle components (PC). One can notice that the first 10 PC describe about 95% of variability, so the number of variables may be considerably reduced. Figure 1 . The percent variability described by principle components of EEG recordings.
Next we divide PC time series into not intersecting intervals with length of 1024 points each. Taking into account the discreetness of 256 samples per second such an interval is equal to 4 s. Each of these time intervals was analyzed by means of RQA and multifractal method.
Recurrence plot quantification analysis
The main quantity of recurrence plot -the recurrence matrix is defined as
Heaviside function, is a norm, N=1024 in our case, and i  is a predefined threshold distance.
Being plotted as 2d graph the matrix (1) Beginnings of epileptic seizures are noted by arrows. One can notice that in most cases (a-c) epileptic seizures are accompanied by an increase in RQA diagonal measures. This means that the brain electric process becomes more deterministic (simple) while the epileptic seizure occurs. An exception is shown in figure 2(d) . The level of determinism in this case is high almost everywhere ( 0.9 DET  ) and a decrease of this measure precedes the epileptic seizure. Nevertheless the high value of DET restores during the seizure, so again it is accompanied with the increase of DET.
Hurst coefficients behavior
Maxima of multifractal singularity spectra (Hurst coefficients H) are shown versus time in figure 3. Wavelet leaders [17, 18] . Singularity spectra of lateral surface profiles in mechanically loaded metals and metal glasses measured by means of probe microscopy become significantly narrower when materials approach mechanical fracture. The decrease in fractal dimension (increase of H) and narrowing of singularity spectra of seismic time series are well known phenomena accompanying earthquakes [21] [22] . Same peculiarities were observed in acoustic emission time series during main crack formation in mechanically loaded laboratory rock samples by means of RQA and multufractal analysis [5, 24] . In fracture process these phenomena are caused by structure defects collectivization at various space and time scales leading to fractal self-organization of defect structure. It is known [e.g. 16] that epileptic seizures are 
Conclusion
Obtained results suggest that epileptic seizures are accompanied by the raise of the process determinism and regularity demonstrated by the recurrence plots diagonal lines measures as well as the increase in the Hurst coefficient (increase of persistence). This means that during the seizure process changes in time from more complicated to a simpler one.
